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ABSTRACT 

The LOGO programing language developed fo'r children 
includes a set of primitive graphics commands that control the 
displacement and rotation of ^ display * screen' cursor called a turtle. 
The purpose of this study was to examine 4- to 7-*year-6lds' 
understanding of single turtle commands as transformations that , 
connect turtle states and to characterize tfie nature of their 
misunderstanding. Children were .introduced to a highly simplified 
turtle graphtcs environment that\ included four possible turtle, 
orientations and four legal commands. Children were then shown events 
consisting 6f an initial tUrtl6 st;ate, a command transformation, and ^ 
the resulting turtle state. They were asked to indicate the 
key/command involved in each events Most children systematically 
misunderstood the .commands. Younget ones associated each of the four 
commands with displacement in* a particular direction and rotation to 
a particular orientation. Overall, most Children performed much as 
Piaget*s theory predicts. Wh4n the turtle rotated, they tended to 
focus on features of the final turtle state, ignoring both initial 
state and transformation information. When the turtle changed ^ 
location, children seemed to attend to the transformation itself. 
Younger one's, however, tended to define the displacement from their 
own or the display s&reen*s frame of reference rather than from the 
turtle's frame of reference. (Author/RH) 
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* Abstract 

/ Programming languages developed for children (e.g., LOGO) include a set 
of primitive graphics commands that "control the displacement and rotation of a 
display screen -cursor called a turtle. The purpose of this study was to 
examine 4- to 7--year-olds' understanding of single turtle commands as trans- 
formations that connect turtle staters, ^nd to chari^cterize the nature of their 
misunderstanding. \ . 

Children were introduced to a highly simplified turtle graphics envfr- 
onment. There were four possible turtle orientations, 0-, 90-, 180- , and 

270-degrees, and four legal commands, FORWARD (F), BACK (B), RIGHT (R), and' 

■• . ' - ■ 

LEFT (L). Following the introduction, children vfere' shown events consisting 

of an initial turtle state, a conpand transformation, and the resulting turtle 

state. They were tssked to indicate the key/colmiand involved in each event. 

Most children systematically misunderstood the commands. Younger ones 

associated each of the four commands with displacement in a particular direc- 

tion and rotation to a particular orientation. If "the turtle moved i|i a 0- 

- degree direction or rotated to a 0-degree orientation, they thought that F had 

been executed; if the turtle moved in a 90-degree direction or rotated to 90- 

degree orientation, 'they thought that R Jiad been executed; and so forth. 

01 d|^ children understood that only F and B displaced the turtle but, like ' 

younger children, thought that e'ach of the four commands rotated it. ' 

Overall, most cljildren performed much as Piaget's theory predicts. When 

the turt.le rotated, they tended to focus on features of the final turtle state 

(i.e., final orientation), ignoring both initial state and transformation 

information! When the turtle changed location, children seemed to attend to 

the transformation itself. Younger ones, however, .tended to define the 

displacement from their own or the display screen's frame of reference rather 

than frui the turtle's f rame^ of reference. • 



YOUNG CHILDREN AND TURTLE GRAPHICS PROGRAMMING: 
UNDERSTANDING TURTLE COMMANDS 
• Turtle' graphics .programming is a popular vehicle for introducing 
crhildren tb computer programming. Children combine simple graphic's coirenands 
to get 'a diS-play screen cursor called a- turtle (see Figure 1) to draw designs 
'on the displaj^ screen. Even preschoal-aged children jump right into creating 
their own turtle designs. Researchers and educators alike assume that chil-. 
dren's Instant iise of turtle commands reflects relatively instant .under- 
standing of command definitions. However, this assumption is open to question 
In the case of preschooU and early school-aged children. The literature on 
early cognitive development suggests limitations of young children's thinking 
that shou»ld make it difficult if not impossible -for them to understand the 
basic turtle commands. 

Understanding Turtle Commands ^ ^ ■. 

The four basis turtle commands are FORWARD *^(F), BACK (B), RIGHT (R), and 
LEFT (L), and are illustrated in Figure 2. F (e.g., F 50) moves the, turtle a 
specified number of units in the direction it is pointing, and B moves it in 
the opposite direction. R (e.g., R 90) rotates the turtle a specified number 
of units to its right (i.e., clockwise), and L rotates it to its left (i.e.v 
anticlockwise). | 

, The basix: commands seem so simple and easy to learn. However, Gregg 
(j,978)^ -found that 4- and 5-year-dlds had great difficulty using'these commands 
to control the movement of a computer-controlled robot turtle. " Indeed, at 
least some ability to relate states and transformations and soine amount of 
spatial perspective-taking skill would seem to be prerequisites for entry into 
turtle graphics prograiwning. 

Relating. states and transformationrs > At its most basic level, turtle 
graphics is a sysjtem of transformations. The states are defined by the 



orientation and location of the turtle. The transformations are" the conmands 
.that result in changes in state. F and B change location, in reciprocal 
ways, and leave orientation invariant.- R and L change orientati|n, in 
reciprocal. ways and leave orientation iiivariant. A basic abi»lity to relate 
states and transformations is thus central *to Cinderstanding how the' turtle • 
"works". 

Spatial perspective-taking . Turtle commands are defined relative to 
the turtle's perspective. For example, F displaces it in the direction it is 
pointing, and R rotates it to .its right. Children must understand that the 
commands are' defined relative to the turtle's intrinsip frame, and not to 
their own egocentric frame nor an extenjal frame (e.g., the display screen). 
They must also be able'"Tncr^adopt the turtle's perspective and maintaiiT it ' 
through imagined execution of a command or sequence of elands. 
Young Children's Thinking ' . ■ / ' 

Do young children^ have the prerequisite aBilitijes for understanding the 
basic turtle commands?^ According to Piaget's view of young childVen^'s think- 
ing, they do not. First, according to Piaget's theory, children younger than 
aj^cut 6 or 7 years of age cannot relate states and transformations and,, 
instead, are primarily state-oriented. "For example, they fail to conserve. a 
variety of different quantities ac'ross quantity-irrelevant transformations, 
thinking, for example, that pouring the liquid contents of a glass into a 
taller, thinner glass increases liquid amount (e.g., Piaget, 1952).* 
According to the theory, young children fail to conserve quantity in part 
because they do not understand that successive states (e.g., liquid in the 
standard glass and that in the taller, thinner glass) are linked by a 
transformation (e.g., pouring). Similarly, in tasks of causal reasoning 
(e.g., P.iaget 1930, 19.74), young children attribute nonphysical causes (^e.g^, 
wishes, feelings) to physical events (e.g.,^e cycle, o'f the' moon).. This 'is 



said tO' reflect their lack of concerrc about the specific nature of a- 

transformation that might connect cause anfl effect. 

*' Similarly, according to Piaget's theory, spatial perspective- taking 

does not occur before about 6 pr 7 years of age (e.g., Piaget s'lnhelder, ^ • 

1955). The young child is characterized as egocentric 'and»"rooted in his own 

viewpoint in the narrowest and most restricted fashion, so that he 'cannot 

. ' imagine any perspective but his. own" (p. 242). For example^ when asked to 

indicate )iow a model ol; three moJntains looks .to a doll p>laced at various 

pjl^itions around the model-, young children tend to choose a picture or small 

replica that depicts their own view father than dolTs view. 

Piaget's characterization of young children as primarily state-oriented 

and egocentric suggests that the'y will not understand the^ basic turtle , 

commands „and, further, will: systematically misunderstand them. That is,' 

unable to understand liow. commands name turtles refeVenced transformations, 

they may instead think that they name particiilar £nd-states, or self- or ■ 

screen^referenced transformations. More" recent work in early cognitive 

development (cf., Gerlman*& Baillargeon, 1983) is somewhat more positive but 

. .makes no specific predictions. Jn general, recent work suggests that young 

. , • children have the basic capacities to understand transformations and adopt 
► ' tar. 

perspectives other than their own. However, their abtlity to "perform such ' 

cognitive feats is said to be fragile and, thus, .task specific. . 
Purpose' _ ■ ' 

The purpose of this study was to examine young children'T^erstanding * 
• ijf indivlflual turtle commands as transformations that <:onnecN:urf f states, 
and to characterize .the nature of their misunderstandirig'. Childran'xere 
shown display screen .events; consisting of an'^nitial turtle state {.i.e>, the 
tui*tle .in a particular location and orientation), a command transformation 
^(i.e.f the turtle executes a command)i. and the resulting turtle state (i.e.t 
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the turtle in a new location or orientation). They were asked to indicate 

* • ' I' * 

'the command involved in each event. The abiVtty to recognize" when a given 

command has been- executed. 'seems basic to under^standing that command. 

} Method ■■ ' " 

Subjects . • • • ' 

Thirty-two 4- and 5-year-old5 (mean age 5-i) and 32 6- and 7-year-olds 

(mean age 7-0) participatejl in the study. None of thfc children had prei/ious 

» * ' 

experience with turtle graphics or computer programming although 'many had 
used computers to playgames. |^ , 

Intryductton, to Turtle Graphics " • 

# 

Childr(Jh were introduced to a highly simplified turtle graphics envi- 
ronment. There were four possible orientations, 0-, 90", 180- , and 270- ■ 
degrees (see Figure 3), and four legal commands, F, B, R, and L. Conmands 
required a single key press and did not take arguments. F and B moved t^he 

t • 

Hurtle a fixed distance forward and back* respectively, and R and Urotated 

it 90-degre>&^ockw1 se and aptl-cloqlcwise, respectively." The Introduction 

was brief but thorough, and included demonstration and explanation of each 

e . ; • 

comifiand beginning in each orientation. All children sai'^ *hat they under- 
stood "how the turtle worked.*- - / * 

Experinfental Task , - * 

Children saw 16 state-comipand-state events constructed" from "a 4 x 4i 
begin orientation x command, factorial design. On eacff trial, two* turtles', 
one red and the other green, appeared on the screen in identical orientations 
(see the top panel of Figure 4)., The red turtle executed a command and then 
differed from the green one in e'ither location or orientation <see the middle 
and bottom panel s'-of figure 4). Children were asked to indicate the coiraiand 
they would give and the key they would press to make the green turtle copy 
* the red one. There was no screen feedback \\.^* the green turtle did not 
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•execute the given command). . ^ ' 



Children completed two replications, of the complete deSign. Events 
We randomly ordered separately for eaqh child \n(i each replie^tipn. 

- ■ V - Results '. • • ^ . 

Correct Performance ' / 



Table ^ shows percent comet performance by age 'group and trial ii.L^ 
event) type.^ Turn trials 'involved execution of R or L, and move triads 
^involved execution of F or B. As shown in Table ,1, older children peirfomied 

better than younger ones and, for both groups,. performance Was better on move 

• » - "* 

trials than on turn trials* Overall, children were not very accura^te at 

naming •Command executions* especially executions of R and L.' 

V 

Correct performance by begin^rientation is not shown in Table! but 
deserves brief mention. For .both age groups" and bo^h trial types, perfor- 
mance was. better on 0-degree begin-orijentation trials th^n bn nonzero-degree 
trials )(<hich, in turn, did i\ot differ from each oJ;her. . 
Rule Classification * ■ . 

I * * - " 

Individual childr'en's response patterns were analyzed for undeihlying 
rules using an approach similar to Siegler's (1976, 1981) rule assessment 
approach. 'Rules for turn'events are shown i.n Figure 5, and rules for move 
events are stiown in Figure 6. • ■ ^ 

Rules for turn events .. Children's response patterns on turnltrials 
were classifie^l-into one of four rule groups: Random (i.e., no apparent 
rule). End-state (i.e., if the' turtle's end-orientation is 0-degrees, say F 
occurred; if 90-d8grees, say R occurred; and so forth). Correct (i.e., always 
say R or L occurred), and Combination (i.e., combination of End-state and 
Correct rules). ' * .". . " . 

' ' Rules- for move events . Response. patterns on move trials were cl-ass- 
ified into one of. four simi-lar rule..gr^ups: Randpfn, Direction (i.e., if the 
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le moved irt 0-degree direction, say F occurredi if in a 90-(tegree dipec-' 
tlon, say R-occurred; and so forth), Correct (i.e., always Sc^y F o.r B-occur- 
red); and Combination (i.e., combination of Direction and Correct rules). ■ 

-Note that the End-state rule for turn events and the Dtrection »*ule for 
mqve events are systematically incorrect, and consistent with Piaget's view 
of young children's .cognitive limitations. Use of the End-state rule would 
indicate that children classified turn. events by the final turtle state 
(i.e., oriented" 0-, 90-, 180-, or"270-degrees> rather th*art by the 
transformation, involved (i.e., rotated clockwise or anticlockwise).* Use of 
^the Direction rule would .indicate that children classified mo*e events by the 
displacement-transformation involved, but that transformation was self- or 
screen-referenced (i.e.^ moved upward; rightward, dovyiward"*, or leftward) 
rather than turtle-referenced (i.e., ijidved forward or backward). Note also 
t]»dit the Combination rules "postulate a gradual transition from systematically 
incorrect to systematically correct rule* * ' • ^. . 

Class,ificat1on criteria , ^ Response patterns were classified as 
End-state (or Direction) if 14 of 16 responses (2 replications^ of 8 events) 
conformed to the predictions of the rule; as Correct if 14 of 16 responses 
were correct, of 15 of 16 responses conformed -^to the predictions of .the 
Correct rule; as Combination if all 16 responses were eiiher correct or as 
predicted by the End-state (.or Oirectioit) rule';/^ 
wise classifiable. These criterja aTlowed unarao 
response .patterns, and kept the probability of *misclassifying a true Random 
as ,ind-state" (or Direction), Correct, or Combination low (binomial 
probability = .OOb00O3, .0003, and .004, respectively). , 
Rule Usage ' \ I \ " 

. .Tables ? and 3 show rule usage by 4- and 5-year-Qlds and 6- and 
'7-year-olds, respectively.- In each table, children are classified by both . \ 



as Random if not' other- 
ous .classification of 



tucn rul€ 2snd move ruU used.. . • > 

, , " \ • 

^ ' Rulfis for, turn events As shown in the last colWh of Ta()le 2, about 

one-thfrd of the youngef c^ildlcen responded*- randomly, atid about two-thirds 

^ ' ^ V* . ' ■ . • - - . ' .A 

1 used the End^state.fule. As shown in tri^- last,c51umn of Tablets, one-half of 

the aldir chfldrej/l used, the End-^sfate ru:^, and about one-half use;i the 
Correct rule. There at>pears to 'be V -developmental progressiofi from Ran^ii^o 

End-state to Corrdct^r^ile.^ Although it seemed 'reasonable "to e>}pect a gradual 

'"-'*'. , 
transition from End-sta'te'to (^(^rrept 'rule,*tfi^j^»'w?s iittl§|^evi<^^ for the 



Combination rule. 



es for move eyants . As slibwru. 3^ the 'bottom r"ow of Table 2 „ about 



Mi 

one-thit-d -of the youn^r chldre/i usedWhOirection rule,, about orie-third the 
Combination rule, and about onenthird^the Correct rule.' As shown in the 
bottom, row of "Table 3,- about. ohe^tHi rd of tlie older chiUren usetf the . 
Direction rule, and about two-thirds the Correct rule. These data- suggest a 
progression from Direction to Combinatibrv to Correct rule. 

The rule classification data capture the trends present in the' accuracy 
data (i.e., main effects of age and trial type-) and, further ,,-^c'apture and 

characterize the systematic ilatuj^e of. children's error.s. - • 

" ■ \ ' 

Joint. rules . The End?state/Di rectfon * End-state/C(«iibi nation and, . 

End-State/Correct cells tjj Table 2-accou^nt for 91 percent of the younger 

childreiV^lisiny systematic turn afid nibve rulds, and. 53 percent of the total 

' ' " • 

group. The End- state/Direction, End- state/Correct* and Correct/Correct cells 
in-Table_ 3:a4?co!intNfQr lt)0 percent of the older children using systeniatic 
turn and move rules, and 94 percent of the total group. -These cells foA a 

^progression of/levels of overall command^ understanding, as indicated in 

' 1^ • - 
Tables 2 -and 3 and illustrated in Figure 7. • • 

Level' 1 describes children who use<Jt-the End-state rule for turn events 



and the Direction ^rule for; move^ events (7 younper and 7 older children). As 

■ • • ■ . :■■ ■ 
Id 
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sho'wn irif.-;Figure 7, these childreh asEoqiated each command name with 'a part- 
^ IcuUr rotation end-state' and a particu1a>"displacement direction'. What they 
did not do was afssociate R an(^L witr. turn events only, and.' F and B with move 
events only. ^ . . • 

Level 2 describes children yho^ used the End-state rule for turn events 
and the Combination rule for mov(^ events (5 younger children). iSese Child- 
ren sometimes classified move events by dIspUtement direction and sometimes 
by "turtle direction" (i.e^., forward or bacj<ward movement), ihs level 
captures the transition from the Direction to the Correct rule for move 
. ,^ events, ^ " . • 

l^e.val 3 describes children who used the End-state- rule for turn events'" 
alncf the Correct ru>e f^.mpve events (8 younger an'd 9 olde^' children), like. ^ 
children .a:t Levels 1 and 2, ttrese children '^^lated'F, B, R, and L with , 
' . parti cu tar rotation events. However, they seeified to' understand that move 
events involved only F. and B", . ' - * 

'"^ ' Level 4 desci^bes one older child, who- qsed the Combination rule for % ' 
'i turn events and the Correct rule for move evenLts'. 'This.leyel postulates a 

transition from the Encj-^starte 'to the Correct rule for turn events^ analogous 
V ^ the transition from the Direction to thg Correot rule for move events in 

Level 2, .A4though little -evidence for Level 4 was foundjn this study, it 
se^ms reasonabT,e j:o' refaifl it in $he present developmental f<ifmulati6h ofi 
% . r "xommand understanding/' * » * ^ 

Find! ly^; Level 5 describes children who used the Correct rules for turn 

I and move events (1 younger and 12 /)lder children). These children understood 

• "jt • * . ' 

. that tyrn events involved R or L, and move events F or^'B. 

"* . * - » Conclusions ^ * 

In summAry, most children Misunderstood some or all of the basic tur.tle 

command^. And* their. initial misconceptions were pretty much as Piage]t^*> 




; I .11 

theory predicts, Wherv the turtle rotated, children tended to focus on the- 

. • 
final turtle state (i.e., final orientation), and not on the rotation 

transformation. Even children who seemed tcf know that F. and B produced 
displacement trahsformat-fons thought these commands were ; i nVolved-ln events'^ ' 
that provided clear evidence for an intervening rptation transformation. 
When the turtle changed location chi^ldren seemed. to attend to the displace- 
ment transformation itself. Younger ones, however, often viewed the 
d,isplaqement with refere^nce to themselves ^ir.tihe screen, and not v^ith • • 
reference to the turtle. ^ • 

The results suggest that youn^ children's entry into turtl^^ graphics 
programnlng will -nor be as spontaneous .as suggested by anecdotal evidence 
(e'.g., Papert, 1980). At the very least, careful attention should be given , 
to their initial introduction to single primitive graphics commands. At 
worst, it my^ unreasonable to expect young chil,dren go beyond the level of. 
the swingle command to the more complex Programming aspects of. turtle graphics. 
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Percent Correct 


Trial Type 


Age 


Turn^ Move'> 


4-5 


27 53 


6-7 


40 73 







or L was executed. 
or'B was executed. 
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Study lA: Rule Usage by 4- and 5-year-olds 
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^Understanding level 1. 

bunderstandinjg level 2. 

^Understanding level 3. 

^Understanding level 4. 

^Understanding level 5. 
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Table 3 

Study lA: Rule Usage by 6- and 7-year-olds 



Turn Move Rule 
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Correct 
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Correct ^ 
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^Understanding level \. 
^Understanding level. 5. 
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Uvles for i*?app^rtg Turn Events onto Coinmands 
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Rules for Mapping Hove Events onto Commands 
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Figure 6 
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Levels of Comraand^ Understanding 
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